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Ethanol produces coronary vasospasm: evidence for a
direct action of ethanol on vascular muscle
B.M. Altura, B.T. Altura& A. Carella

Department of Physiology, Downstate Medical Center, 450 Clarkson Avenue, Brooklyn, New York, 11203,
U.S.A.

The effects of ethanol and acetaldehyde on basal tension
of canine small and large coronary arteries were ex-
amined in vitro. Ethanol in a concentration as little as
8.5 mm can induce threshold contractions of coronary
arteries. High concentrations of ethanol produce
concentration-dependent coronary vasospasms equival-
ent to those induced by supra-maximal concentrations
of KCI. Acetaldehyde (10-5 to 10 -2M) resulted in
concentration-dependent relaxation of basal tone. Use
of a variety of pharmacological antagonists (i.e., phen-
tolamine, methysergide, diphenhydramine, metiamide,
propranolol and indomethacin) did not attenuate or
prevent the spasmogenic actions of ethanol. These find-
ings could help to explain why alcohol can induce cardiac
depression, arrhythmias, cardiomyopathy and the high-
er than normal incidence of sudden death observed in
'binge' drinkers.

Introduction Ever since the early work of Heber-
den in 1772, it has been thought that alcohol
(ethanol) can exert effects on coronary blood flow.
Although it has been apparent from numerous
studies over the past 100 years that long-term inges-
tion of ethanol and its congeners can induce myocar-
dial muscle damage in both animals and man (see
reviews by Rubin, 1979: Ashley & Rankin, 1980;
Alderman & Coltart, 1982; Altura & Altura, 1982;
Friedman, Geller & Lieber, 1982), it is not clear how
this is brought about. Moreover, even though ethanol
is known to be capable of producing myocardial
depression and decreased cardiac contractility (see
references in Rubin, 1979; Ashley & Rankin, 1980;
Alderman & Coltart, 1982; Friedman et al., 1982), it
is not clear how this is accomplished. Recently, a
higher than normal incidence of arrhythmias has
been observed in human subjects during 'binge'
drinking in the complete absence of any manifesta-
tions of cardiomyopathy (Ettinger, Wu, De Lacruz,
Weisse, Ahmed & Regan, 1978). Interestingly, such
patients as well as those presenting with alcoholic
cardiomyopathy, and dogs fed alcohol, have a high
incidence of unexplained sudden death (Alderman &
Coltart, 1982; Friedman et al., 1982). Since myocar-
dial ischaemia, both acutely and over a long period of
time, could at least in theory result in the latter as well
as alcoholic-induced myocardial damage, we won-
dered whether ethanol is capable of inducing sus-
tained vasoconstriction of coronary arteries.
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We have found that alcohol, in a concentration as
low as 8.5 mm (equivalent to 38 mg/dl) can induce
contractions of small (0.3-1.Ommo.d.) and large
isolated coronary arteries, irrespective of the region
of the canine myocardium. In addition, we have
shown that these vasospasms cannot be attributed to
actions on adrenoceptors, or on histamine or 5-
hydroxytryptamine receptors; nor can they be attri-
buted to a release of prostaglandins or to actions of
the major metabolite of ethanol, acetaldehyde.

Methods Mongrel dogs of either sex weighing
10-20kg were anaesthetized with pentobarbitone
sodium (Nembutal, 30 mg/kg). After thoracotomy,
the hearts were removed immediately and coronary
arteries were isolated. Because of possible segmental
differences in coronary reactivity (Altura, 1966) the
preparations included vessels taken from coronary
arteries of different sizes (1-2mm o.d. and
0.3 - 1.0 mm o.d.) from both left and right coronary
arteries. Helical strips, cut from segments of these
coronary arteries were 20 to 25 mm long by 0.5 to
1.0mm wide. These were suspended isometrically
under 1 g of tension (circumflex, right and left coro-
nary arteries) or 0.5 g of tension (left and right coro-
nary branch arteries) and incubated in normal Krebs-
Ringer bicarbonate solution (Turlapaty & Altura,
1980) at 37°C through which a mixture of 02 (95%)
and CO2 (5%) was bubbled. Force of contraction was
measured with Grass FT-03 force-displacement
tranducers and recorded on a Grass model 7 polyg-
raph. Two hours after being incubated under tension,
the preparations were exposed to KCI (80-mM),
ethanol and acetaldehyde (cumulative or single
doses). A supramaximal dose of KCI was used as a
stimulant so that we could assess the vasoactive ef-
fects of ethanol and acetaldehyde. In other experi-
ments, we determined whether incubation of coro-
nary arteries with specific antagonists (i.e. phentol-
amine methanesulphonate 0.5 pg/ml; methysergide
maleate 0.5 tLg/ml; diphenhydramine hydrochloride
0.5 jig/ml; metiamide 0.5 jig/ml; propranolol
hydrochloride 0.5 tig/ml; and indomethacin
0.5-1.0 jg/ml), in concentrations that antagonize
their respective agonists, would interfere with the
coronary actions of ethanol. At least 4 animals were
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Figure 1 Typical responses of large and small isolated coronary arteries of the dog to cumulative addition of ethanol
(at arrows).

used for each agonist and antagonist; each antagonist
was added to the muscle chambers 10- 15 min before
challenge with ethanol.

Results The representative tracings shown in Fig-
ure 1 clearly indicate that cumulative addition of
alcohol to the muscle chambers result in a

concentration-dependent increase in tension, in large
and small coronary arteries, with approximately
8.5 mM (i.e., 38 mg/dl) being the concentration of
ethanol required for threshold contractile effects. All
types of coronary arteries examined revealed similar
concentration-related contractions when alcohol was
introduced into the muscle chambers (n = 30). These
contractions were sustained for prolonged periods of
time (e.g. > 60 min). Interestingly, a concentration
of ethanol of approximately 430mM resulted (Figure
1) in coronary spasms which were equal to maximal
contractions induced by 80mM KCI. Although not
shown, addition of acetaldehyde, either in single or

cumulative doses (10'- to 10-2M), resulted in a

concentration-dependent reduction (relaxation) in
basal tension (n = 4), the opposite of what was ob-
served for ethanol. Incubation of coronary arteries
with phentolamine, methysergide, diphenhyd-
ramine, metiamide, propranolol or indomethacin

failed to attenuate or prevent the spasmogenic ac-

tions of ethanol.

Discussion Although numerous, previous studies
in experimental animals have demonstrated that
blood alcohol levels as low as 50 mg/dl can result in
cardiac depression (e.g., reduced stroke volume, ele-
vated left ventricular end-diastolic pressure, reduced
left ventricular peak dp/dt), the reasons for this have
not been elucidated (Friedman et al., 1982).
Moreover, ever since the early studies of Steel
(1893), the reasons for development of an alcoholic
cardiomyopathic syndrome with its sequelae of car-
diac muscle damage events in humans has been perp-

lexing (Rubin, 1979; Alderman & Coltart, 1982;
Friedman et al., 1982). Although it has been sug-

gested that nutritional deficiencies may play an im-
portant role in the latter, it is difficult to account for
the acute myocardial depressant actions of alcohol or
the arrhythmias in 'binge' drinkers in terms of such a

concept. The fact that ethanol's major and toxic
metabolite, acetaldehyde, has been shown to result in
an elevation of cardiac output and coronary vasodila-
tation (Friedman et al., 1982), which is supported by
our present findings of a direct vasorelaxant action on
coronary arteries, would seem to preclude its in-
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volvement in ethanol-induced cardiac depression
and cardiomyopathy.
The results described here which demonstrate that

ethanol can exert potent and concentration-
dependent contraction of all types of canine coronary
arteries could aid in explaining why this alcohol can
induce cardiac depression, arrhythmias, car-
diomyopathy and the higher than normal incidence
of sudden death observed in 'binge' drinkers. The
facts that various receptor blocking agents and a
cyclo-oxygenase inhibitor do not interfere with
ethanol-induced spasms, and that acetaldehyde does
not mimic the spasmogenic action of ethanol on
coronary arteries, suggests that alcohol-induced con-
tractions of coronary vascular smooth muscle are

independent of either the release or synthesis of
common vasoactive mediators. Ethanol in the mam-
malian heart in situ could produce concentration-
dependent vasoconstriction, vasospasm and is-
chaemia which, depending upon the intensity and
focus, could result in cardiac depression, arrhythmias
and sudden death. Over a period of months and
years, a gradual, but progressive, increase in coro-
nary ischaemia, brought about by progressive coro-
nary constriction, could result in the well-known
syndrome of cardiomyopathy.
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